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MEMORANDUM 14PORT NO. 1409 ST
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Aberdecen Proving Ground, Md.
June 1962

ESTIMATSD INCAPACITATION PROBABILITIES OF
CALIBER .1k BULLET3 (U)

" UNCLASSIFIED) ABSIRACP

7-Caliber .1k spin-stabilized prolectiles

were fired inte gelatin and
meusurements cf the loss iu velocily o the projectiles were obtained.

the.
The yaw angle at impact and 4he siriking velocity were variedjq jvere
related to the epergy absorbed Ly the gelatin, ‘e probability of ipe
capacitation as a function of range was computed.

dirterent nose shape

.

Ihe effzct of two
S on the probability of incapacitation was studied.
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(UNCLASUINIED LIST OF SYMBOLS

vy louss of Lullet in traversing the firct G" of gelatin.

veloeily loss of bullet in traversing the first 6" of gelatin.

angle of yaow.
amtle of yaw ul impact.
velocity ol hullet.
striking velocity of bullet.
TI'Ang’us
density of gelutin.
diamcter of bullet.
. 24
dray cocfficient, based on 47, in gelatin.
mean vulue of K averaged over 6" of travel in
Lt~
dray coetficicuy, based on as , in air.
mass of bullet.
distance penctrated ia gelatin,
probubility that u hit incupucitutes.

gelatin,




{CONFIDENTTAT.) INTRODUCTION

Recent udvances in Larrel fabrication at the Spi‘ingii‘eld Armory
have mode teasible the production of o few test rifle barrels of 0.llh=inch
bore. Theoretically, the antisperceonnel ceffcetivencss of a small bullet
is a.-.ttructivel. Consequently, the U ringet'ield Armrory requested BRL to
iavestiate the cupabilitics of caliber .1k bullets against perscnnel
targets. A preliminary investigation was made using gelatin targets.
‘e results are given in this report.

-~
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{areRRe,) PROCEDURE FOR FSUIMATING ‘U VALUE OF 'Phk

M bl - csounel CreeLivencss oF o bullet depends on its kL)
probubid LIty ol various vumge ae e ik probablility is the product of
Its hIL probubilily, which i+ dctormined by Its aceursey, und Lhe '
probabillty that o Wit jvenpnwilaics.  1n W0 F0 peport we are not coacider-
ing acewrney.  Woe oot eqrcerssd vith Ghe conadtionnd probiwlility that a

hil 11!\:-{1[)"1" jrate:s ’ l'hk.

In o Clest approximlion, Ghe valdee o0 Phl'- for a bullet is rolated to
lts enersy lose in pencbesting peclabine o relation, glven by f}pcrruzza
ke D:’.il'll(.i.illl;'_. states thel b ondy roeion of inburest jo the voegion
betweon Lowo by oemoin pelatine tor our bulleli, which tumble ut'ter entering
gedatin, Lo cneryy toce over Lhe firnl centimelLer, where the yow is small,
iv neddgivles Concequertly, e hiwe astumed thul the cnergy loss over the

first cix incher s cgual L6 Lhe ooy loss between L Lo 1) em.

Fenl has grcposed theoreilcul .}yz Lhat Lhe yuw ungle at impact plays .
a magor role in @& Lermining the capidity off tumbling in o dense media,
To toest .hl::\ vroposttd , o oconee petctiminiay Lol vere made.. Budlets of
OuLi=inch diumector wern shot inbu eclubin. Yhe yuw angle et impact was
measured wnd Ghe dmggss In Lhe je-latin poerpendicular to the path was ob-
servid,  'The results, shown on igurcs 1 oang o, show the great importance
ol the iuitial yuw ungle, . v conclude that the yuw angle at impaét_‘.

af'teets the enerepy losy in pelutin.

In order to Gbhlain the pelutionship belween vnerygy loss and range,
...L"(!{), o fnlermaiinbe - 0 o onchlpe wee secdeds Phese are:
1. e enery fosc or t.lu»“ bultea over the .l":h':it. O" of - latin
as u Ivaetion of Lhe ctrikiog velovily, ,/u-:{vu).
do The eneryy Joss In peelulin ws w 1‘wwlt.ion of' the yaw angle
at impuct, A&-:(bz). '

4. he yuw ugle ab imgact s w function of range, ~E»‘_;(R).

he e baddet steleing veloedty an o runction of range, V‘_(R).
‘The de;mrnuéneu ol unelyy fou: on striking velovily and impact: yaw w;;;,le,
AE(VB,Eoc) s Wau dotemlnot caperimeatully.  he thlrd relationship was
computed [rom dubu ror lurge:s projectileee  The wss in bullet velocity

with runpge Jas oblulnud by combd nimge vaperimentad dota trom Jhree sources.

SECRET




{CONFTDMNITAT.)  SXPERIMENTAI, CONDITTIONS

wizblbne otk Weerel nd Corbridie Cooe

A specing uewei, ChY lom, with o twist or L turn in 4.2" was
appes fed oy Sprigericdd. The baerel was destinod to launch a 17-grain
vl el ol menedc veloeihy ot oo l'l./::uc. e cartridpe ctse was a

moditicd Reningston Cidiber 00 ensey Figure 9.

culitner ot Projoecti Lo

e cadiber o th projectiles, Figure i, wore fubricated from 1020 miid
sbevle  Core welphl was about 1h.: yrefns.  Copper pl::.hiflg, sbout 004
Inches thick, on Lthe oheet core incrcased the projectile welght to about
¢ cruan.

¥ur compurizon of rusults, two f.Glmr NATO bullets were used. These
were the Lif-raln MO (lead core) und the M9 (steel core) bullets.
Jeuse etlup

AL chort rwges, midtiple spark shwdowyroph photoygraphy wac used to. . ..
oulain pholopgraphs ol the projectilen in frec 11ight before and after

o e e

impucting w H » O o € inch pelubin blovk, Figure ». From the orthogonal
vypranpe shadowgrophs immediutely betore impuct, the angle of yaw at impact
was obtuincd., The residunl velocily or the projectile was determiped from
the meosured time intervul and the mecsured light coordinates of the
tullet in spuce immedialely behind the pgelatine Projectile velocities were
somputed from the measured Limes of 'iight over the 9' and 10! base lines,
Figure 5, and wewu corrceted ror ule dvwy to obtuln striking velocities.

At rangus off 100 meturs or more, three lumiline screens were used to
obtain the velocity before impact. ‘Che striking velocity was determined by
tpplying the drag corrvetion. Behind the gelatin, three large foll secreens
were used to obtaln the path coowdinates, bullet velocity and the velocity
loss per ool of ulr travel In the yawed oricntation. 'The experimental value
of loes in velocity per rocot ol Lravel was then used to determine the
resldunl velocity.




TUONFIDENTIAL)  MEAN DRAG CORFITOENY TN GHLAPIN

e oo covl'iciont, K"’., o detined by Lhe qunbion

. GV . Do
dtyy rostey s m Y eee— 2 = K pwd v
N »
where my Voo G o dhe muss, veloviby aod diwmcter, ruspectively, of the

bdlet; ¢ fo Whe densivy of pelabing d x s bthe distonce penelruted.
Integratine: the nbovie cquulion we obluin

. X
. . £ .
O e

.

vhere Xoie the thichiness of the gelatin and oquals pix icches.

Yor u given shupn of projuctile, the vulue ot !(ngepends on the angle of
yuw wnd on the velocity und Revnolds pumber during penctration. Because

owr bullels tumble, the value of KD!" will vury widcly during penetration, - -----
2 .

The mear vadne §s doetined by Lhe qaution

Inscrting  this derirition in equution (1), wu obtaln

V) =V o .ed g
Vi) V. oexp - KD:: X) . (1n)
The velocity and cneryy losses oo
. - (3] - Q_L_‘.: K ] ' n
v (1 (- K, ¥ (2)
. . § 2 B T (3) .
und &~ 5 mV, [.1 - uexp (- —L—m KDL, X)]

A1) quuntitics, cexecpl Euu’ in cyunifon (LA) were experimentally deter-
mined.  Uolving (1A) ror f(-.Duhy inserting experinentul values of the
‘remaining pacumctore, the value of KD‘,lu dutermined.  The velue of EDg

will depend on the impact ample of yaw, Lhe relation between yaw angle
and distance penctrutad, the veloeity and Ruynolds number. lHowever, twe
conditionc which simplity the: dependimee of ED Lgure appropriate to the

L
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work o dhis repori. e bhie riest plicee, Lhe elfects ol tumbling on _K-.DG'
nre cXpreete Lo overrbde Ghe ePreets ol vidoclly und Reynolds number. In
L seeend plucee, Lthe melallon between yaw ancsle wsd distancee penetrated
e pacindi !.h.-ur.-l.h.ul.l:,'l v Lhe statie bollet characleristice and Lhe ya\i
supie ntimpuet, bub bs lndependent ot sbrikingg volocity.  Sxperimental
capporl. of the labtes cimpliricatiou I glven under RESULLS.  Nence, in
u tirsd approximation, l_('br_l'or a piven bulleb over cil inches of gelatin

T ussumed Lo denemd only on Lhe yaw wngle al Impuct.
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(UECKETY  wESULES ROK M 7.y CALIBER OGIVE BULLET

Frergy owi s @ FuneLbon ot Stelkingg Veloelty and Yuw“mtg.l.e ut Impact

PR

A number off Uirdigss Into six incehes of gelal'.. were made with the T.5
stbiber tangent oglve progjectile Lo order Lo meusure the effect of the

lmpacl yaw angle b, on L veloelly tost, AV, by the projectile through

the six-inch pelutin block.  For these tests the striking velocity, V., was
8

held ab aboul 3930 r'tfoec. A piot o AV as o Fanction of bn is glveu by
the upper cweve of Flgwee . For Voo ubou Y tt/sec., Pigure 6 shows

that the initiad Lapacl angiv bud o signilfcaut ef'tveel on AV when § £ 20;
L , 3

. v )
but at 2 < t.\s < 57 Lhere wus 1itlle change in Av,

Using the vbserved resldunl veloclties at Vo - 5950 ft/sec., the mean
~

RS R SRR

drug coetticient wus computed Ly meuns ol equation (1A) for the tumbling
bullet over its six-Llueh puth in gcj,&t.'!.u. The meun drag coetf'ficient, K.,
is shown o Figwe /. In Relvvence L, Kenl shows tlxeoz;ew'.icnlly that the

relation bueiween yuw wigrle wnd distoncee penetrated is, in a first approxi-

mation, independent o Lhe striklag velocity. oune inters that the curve

ot TcDg, Flgure 7, Lolds Yur sbtriklug velucilies olher than 5930 f't/sec.

To test this interence, weasweneuls ot AV were made nt a striking velocity
.o 2u80 ft/sec; a curve predicting valines of AV based on Figure 7 wan ulso

ot e e AR R

computed., The agreemncnt between the predicted curve and observed velues of
AV 1s shown by the lower curve ot Flpure o. We cunclude that the curve of
Ecg’ Flgure [, proviues the basls from which one can coupute, by means of
Equations (2) and (3). the depeudence ot AV and AR on striking velocity and
impact yuw augle ror thls bullet, ‘The computed cnergy loss at two striking
veloclties 1s Llliustrated on Flgure .

To extend the curve of Figure { <o to o = 0, tirings were conducted
b

RIPICI A, FEEAS KT WIS AP S SR I

at a real range of 200 meters. 'Mhe meusured strikiag and residual velocities
of the bullet over U inches ' pelotin wre glven below for the average of 1C
rounds,

Muzzle Veloeity, ft/sec I 5
Strtkine Veloelty, rt/sec 030 Ex
Residuul Veloveity, Ut/sec 2950 #
AV, ft/sec 300 %
AR, joules 9% 3'
, 052 k]
e o ki
t =X

SECRET
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Yuw i Maaclicn of Rame

Yoemausvments off Lthe yaw angsle in alr noar the muzzle resulted in ua
avernge valae of 2 . ‘This averoge yow was used as the initisl condition
in the subsequent yaw-rang: computution.

e ampLitude of the yav angle decreasen witl. range. For come large
mrojuectiles, the damping cootl'ticlent 15 kilown. For the Caliber .1k bullet, . ...
Mr. Maynard Piddinpgton o the twierior Ballistics Ihbomtory, BRL, estimst.d
the yaw amfle-range function based upon da!:: “or larger projectiles. .The‘
estimated runciion i shdun on Mpoure 9, It 15 cotinaled that S damps to .

aearly coere degpoees Qi LG meters,

‘The Velocity-Ranyn: Relation

Partial information from three sburccs was used to chtain the bullet
velocity nt o ifunction of range. One cource, Reference 3, gave a curve of
dr:if: coclficient. in air for a pro.jcétile model of approximfcly the same
chape cut to Mach .. A second source wos recent data obtained at
Frankford Arscnal for the caliber .14 bullet. The Frankford data indicates
a veclocity of 2330 ft/sec af. 1300 ft. for a muzzle velocity of khl0 ft/sec.

‘The third source was an cxperimental value oft drag; cocfficient obtained near

the muzzlc by the uuthors; this valne was Kpe= -179 at Mach 3.83. A drag
coefficient curve was constructed which was comp_at:lble with the cxperimental
data and cloge to the curve of Refercnce 3. It is glven on Figure 10,

Probubility of incapacitating Personnel

The incapa.cita.tion capability for a penctrating missile is expressed
in BKL TN 1297 in terms of the conditional probability, Phk’ that a raadom
hit on the human tarpet will incapacitate within a certain time, under a
particular condition of military strecs. Partial incapacitations are
inclvded. For the analyeic of this rrport, :the 1/?-minute assoult situa-
tion was concidered. ’

The curve of estimated Phl' nc a function of range, out to hOO meters,

is given in Flmre 11. For the caliber .14 bullet at 100 meters, Phk = .64

and, at hOO metews, Phlr s 0. For compnricon Figure 1l also ghows curves

SECREY



for Lie MR (Jcad core) and M59 (steel core) ihT-grain 7.62mm NATO bullets
which arc ov o 8 times heavice than the caliber .1h bullet. Since the M80
dutormed on impact, 1ts roesulli: do not provide o fair compurison with the
culiber .1b bullei. Comparing the M9 results with the caliber .1h results,
Figure 11, we see that the 7.Gmm projectile at JOO meters results in an
estimted value of Phk onl; { zercent higher than P, for the caliber .1k
bullel; at #00 meters the 7.57mm bullet': volue of P is %0 percent higher.
Moure 11 indicates that at short ranges, less than 70 meters, the valuc

ot Phk't.‘or the caliber 24 bullet s pgrester o, of9.  Hence, a caliber .14
weapon my be puellewlarly sulted o pucerillue and wnti-guerreilla vacfare
cr w u patrol weapon. Olther conclderations, not covercd in this report,
such us accuracy, weapon weipght, amaunition weighu, cte., are required in
order to asseus the military valuc of u caliber .14 weapon. '
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foperer} UENECT OF NOSE GHAPE ON Phk

A bemispherical gene projoctile, Pigure b, was fired Into gelatin
f
for comparlson with Ghe fob-cadiber oplve proiectile. Deslgn charace

Leriativs compare e Collows:

Momeny of Inertis,
4

Cenler ol Gravity G"s-J:l_nz
) Nosse Shage- From Buse, Co:i. Azial Trausverse
Hemlspher- - 1.0 01 .399
o =Cial s "Lutyrent. Qprlvee L)% L036 s

At un averses sbrikingg velocity of 2930 rt/sce. the hemispherical nosed
projectile went throwth the setatin bHlock without tumbling. BExperimental

results tor b 17 are piven below.

T AV AV Esti?a;c-d Value
Nutie Shape FL/tee  Joules hk
Ileml::ph«,:rc RYCH Dhg ) .70
(L e=Cur. Tumggent Opive 1N Ly 81

Because the hemispherlent nose projuecetlle lu stuble in gelatin, its drag
coefficient in gelatin, ED", Ly independent off & for, ull pertinent values
> ] .

of & . From the ubuve firimg date tor this projectile the value of ‘cDg
-

is found to be .1h. By meuns of Bquation {3) we van vompute the function

AE(V,) for the hemisphericnl novse projectile and@ can compare it to the
L]

Toh=cabiber LGueni oglve projectile (0 e cucges.  The compearisou tor
equal muzzle velocily is presented. '
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y



[SECRED)  COMPARISON OF HIMISPUERICAL WITH OGIVAL NOSE SHAPE (u)

- —__ DJLLET 1YDR
RANGE, ML SPIERICAL : (.1, -CAL. TANGENT OGIVE |
MERRRS |V vy e Pk VLt e P
" (L/: min, assault) | 7 (1/2 min. as .»aulJ
0 Yhoo s  hhoo .86
100 300C ‘ .02 $ree L6
200 { roho 13 0030 L0
1 300 Thoxe .3 ) 0. i,
hoe gy, .2h D310 L 40

At Vc;'}' short ramr: Lthe value of P tr'or the ogival projectile is higher
Yecausy ito value or t’)s‘ Is nipgh and J.' tumbles rapidly. ALt ranges of

100 to 00 meblers L value of }, for cuch bullet type is about the same.
The higher steikin: velocity of the opival projectile compensetes Cor its
slow tumblings. AL -.iuu'- = rcater Shun 00 metlers the value of hk Jor the
ogive pose bullel ic higher becuusc of ite appreciably hipgner striking
veloeity. We conclude Lhal the f.o-caliber oglve builet is more iethal than

the hemisplhorical pose bullel.

The lest btable cmphusizes the importance of striking velbcity as &
contributor to the value of Fhk' It surpests that a }long ogive projectile
awy e omore lethel than the ‘f.h-culiber ogive projectile. Preliminary
estimutes support this cwmrention. 'fhus at 300 meters, an ll-culiber ogive
vrojectile would have u ustriking cncrgy ubout ii pereent greater than a
7.9=-caliber oglv«_ pro,jc,ct.ih.. values off 6 would L nearly equal; and the’
Lianoverse moment of Lthe lonper nosed 'pro,]t.t'tl.l.v would be o only 5 percent
higher. Juence we recommend that the lethality ol a loub nosad, caliver .1k
projeciiie be invesblipguted.

M %d%ﬂt/é ﬂlﬂm; lee./’)w- ” A] / /yl-uw

CHESTER GPO\]SN{F ANPHUNY RICCHIAZZT DENNIS DUNN
- 1t
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